Arbuscular mycorrhizal fungi (AMF) play vital roles in plant productivity in agroecosystems. The objective of this paper was to study the diversity of AMF in root zone soils of pepper (Capsicum annuum L.). Spores of AMF, pH value, nitrogen (N), phosphorus (P), potassium (K) and organic matter contents were analyzed for soil samples from greenhouses in Shandong Province with 5, 10, and 15 years of continuous pepper cultivation. The soil from wheat growing field nearby was used as control. Our results showed that Glomus was the dominant genera in the 15 years of pepper continuous cropping (PCC15) soils; however, there was no dominance by a specific species. Glomus and Acaulospora were the dominant genera and Scutellospora was common in soils continuously cropped with pepper for 5 and 10 years compared to the control. Glomus aggregatum was the dominant species in the 5 years soil, while Glomus mosseae and Glomus constrictum were the dominant species in the control. Species richness and Shannon-Wiener indices for AMF in the 5 and 10 years pepper soil were similar to the control, but significantly different in the PCC15 soil. Analysis of soil nutrients on diversity of AMF showed that heavy fertilization may inhibit the growth of AMF, while appropriate fertilizer application could promote their abundance.
INTRODUCTION
The arbuscular mycorrhizal (AM) symbiosis is the most common occurred underground symbiosis in plants. About 80% of plants are colonized by arbuscular mycorrhizal fungi (AMF) (Hildebrandt et al., 2002) . It is well known that AMF can influence the plant fitness, community structure, biodiversity, and ecosystem variability (Millner et al., 2002) . The community structure can increase crop yield and play an important role in disease control. AMF play a vital role in the nutrition and growth of plants in many agricultural systems, especially in high-input agriculture (Ryan et al., 2002) . Changes in population structure of root zone microflora are one of the mechanisms of inhibiting pathogens by AMF (Zhu et al., 2005) . Studies do indicate that the inoculation AMF could control diseases caused by Rhizoctonia solani *Correspondence author. E-mail: minli@qau.edu.cn. (Abdel-Fattah et al., 2002) , Pytophthora parasitica (Vigo et al., 2000) , Ralstonia solanacearum (Zhu et al., 2004) and diseases caused by other pathogens. By studying the effect of interactions between arbuscular Glomus etunicatum and fungus Phytophthora infestans on biochemical contents of pepper plants in a greenhouse experiment, Odebode and Salami (2004) found that mycorrhiza may take the protective influence by enhancing the nutritional status of the inoculated pepper seedlings. All parameters including phosphorus (P) and dry matter contents, chlorophyll concentrations and amounts of some reducing sugars, sucrose and total sugar increased in mycorrhizal pepper plants by 12% to 47% compared with mycorrhizal-free plants (P<0.01). Furthermore, it was determined that P concentration was positively correlated with all chlorophyll and sugar contents. It is concluded that increased P concentration, because of the mycorrhizal symbioses, positively affects the physiological performance of pepper plants (Demir, 2004) .
Pepper (Capsicum annuum L.) grown in the protection environment like greenhouse is an important industry in Cangshan county, Shandong Province. However, due to the long-term continuous cropping and overuse of pesticides and mineral fertilizers, the soil environment has been seriously damaged, soil chemical properties and soil quality are degraded, and productivity declines. Previous studies have shown that inoculation AMF on pepper had positively affects the physiological performance of pepper plants (Demir, 2004) .
In the present study, the AMF community composition and diversity were described based on morphological species (Li et al., 2007) . Identifying AMF community and species richness through the spore condition is a valid approach to achieve our purpose (Oehl et al., 2005) . In the past decade, about 113 AMF species in 7 genera have been isolated in China, 70 species have been isolated in Africa and 84 species have been isolated in the USA, France and Germany . In natural ecosystems, the diversity of fungi in the phylum Glomeromycota (Schüßler et al., 2001 ) has often been very high. In a recent study from continuous planted watermelon greenhouse soils in northern China, only 13 species of AMF were identified (Jiao et al., 2011) . The possible reasons for lower AMF diversity in continuous cropping greenhouse may include repeated tillage, heavy application of fertilizers and monoculture.
In order to fully use AMF in vegetable production, changes of AMF community composition over time and influence of soil nutrient on the diversity of AMF community were studied in the pepper continuous cropping soil samples from greenhouses in Cangshan county, Shandong, China.
MATERIALS AND METHODS

Field and soil sample collection
Cangshan county (34°85 ′N, 118°05 ′E) is located in the most southern of Shandong Province, China, with the semi-humid continental monsoon climate zone and 4 distinct seasons, light and temperature is ideal for greenhouse vegetable production. The soil type is loam. About 100 m 3 /ha of manure and 100 kg/ha complex NPK fertilizer (21:8:11; produced by BASF in Germany) as base fertilizer were applied annually to greenhouse soil at this site, and then about 150 kg/ha mineral fertilizer were applied every 25 days in the pepper fruiting stage. The systemic fungicide carbendazim and the neonicotinoid insecticide imidacloprid were used at both sites. This county has a 15 years history of continuous greenhouse pepper production; while some regions have a 3 to 5 years continuous pepper cropping history as an intercrop along with wheat or rice.
On May 23, 2010, 9 greenhouses were selected where pepper had been cropping continuously for 5, 10 and 15 years, respectively. Three plots with a distance of 20 m from each other were also designated as control in a nearby open farmland in which wheat or rice was grown every year. Each soil sample was collected using the five-point sampling method, for example, removed the 2 cm topsoil surface first, and then took about 2 kg of the root zone soils of pepper from 2 to 20 cm soil layer. A total of 30 soil samples including 3 from each greenhouse were obtained. Soil samples were air-dried for 5 days and stored in sealed plastic bags at a low temperature of 4°C until they were treated.
Isolation and identification of AMF
AMF spores were extracted from soil by routine wet sieving and decanting (Dalpe, 1993) . Fungal identification was conducted following Schenck and Perez (1988) ; original descriptions of species, and detailed descriptions were provided by the International Collection of Vesicular and Arbuscular Mycorrhizal Fungi (http://invam.caf.wvu.edu) and http://www.lrz.de/~schuessler/amphylo/.
Species of AMF, spore density, relative abundance and frequency
Species richness (SR) = the number of AMF species per 100 g subsample of soil.
Spore density (SD) = the number of AMF spores per 100 g of soil.
Frequency (F) = (the number of AMF species or genus / number of samples) × 100%.
Relative abundance (RA) = (the spore of AMF of a genus or species in the samples / the total AMF spore in the sample) ×100%.
Important value (IV) = (F + RA)/2.
In this paper, when IV ≥ 50%, then it was defined as the dominant genus or species; when 10% <IV<50%, common genus or species; and when IV≤ 10%, rarely genus or species. The diversity was determined using Shannon-Wiener diversity index (H) and Simpson index (D).
The determination of the soil nutrient
Soil pH values was measured by a pH meter (PHSJ-3F), the ratio of water: soil was 5:1; the soil organic matter for the sample was measured by potassium (K) dichromate method; the soil available nitrogen (N) was measured by the method of diffusion alkaline hydrolysis; soil available P was determined by the anti-molybdenum antimony colormetry; and soil available K were measured by the flame photometer ammonium acetate method (Bao, 2000) .
Statistical analysis
The data were subjected to analysis of variance (ANOVA) using the statistical analysis systems (SAS 6.12) package. Comparison of multiple means was performed using the least significant difference (LSD) test at the 5% level.
RESULTS AND ANALYSIS
Chemical properties of pepper continuous cropping soil samples
A number of studies had showed that fertilizers including soluble P, N and organic manure had negative or positive influence on AMF biodiversity (Wang et al., 2011) . As more fertilizer was needed to get high yields, it was obvious that with the increase of continuous cropping time, available N, available P, available K and organic matter content of soil samples increased significantly (Table 1 ). The 15 years of pepper continuous cropping (PCC15) soil samples had the highest nutrient content, but the lowest pH value. In the long-term greenhouse protective cultivation, the redundant fertilizers may accumulate year by year, and physiologically acidic fertilizer accumulation may result in the reduced soil pH value.
AMF species in pepper root zone samples
Three genera (Glomus, Acaulospora and Scutellospora) of AMF were isolated from soil samples of pepperproduction areas in the Cangshan county. The dominant genus in the PCC15 soil sample was Glomus, with an important value up to 75.32%; Acaulospora was common and no other genera were found (Table 2) . While in the 10 years of pepper continuous cropping (PCC10) soil samples, Glomus and Acaulospora were the dominant genus and Scutellospora was a rare genus. In the 5 years of pepper continuous cropping (PCC5) soil samples and the control soil samples, Glomus and Acaulospora were both the dominant genera and Scutellospora was the common genera.
Distribution of frequency, relative abundance and importance value of AMF species in pepper rhizospheric soil samples
The diversity of AMF was obviously affected by continuous cropping time (Table 3 ). It is evident that there was no dominant species in the PCC15 soil samples, even though 11 species of AMF were observed. Similarly, in spite of the occurrence of 17 species of AMF in the PCC10 soils, there was no dominant species. However, of the 15 species of AMF found in the PCC5 soils, Glomus aggregatum was the dominant species, with a frequency of 88.89%, a relative abundance of 21.14% and an important value of 55.01%. In the wheat field (control) soil samples, 17 species of AMF were found, and G. mosseae and G. constrictum were found to be the dominant species.
AMF spore density, species richness and diversity index of pepper continuous cropping soil samples
The AMF SD and SR were greatly affected by different continuous cropping years (Table 4) . With an increase in cropping history, the SD tended to gradually decline, and the variations were significant. The AMF SR of the PCC10 soil samples was the highest among the 3 continuous cropping categories, but there is no significant difference with the control samples (Table 4) .
DISCUSSION
This study showed that a total of 17 species representing the genera Glomus, Acaulospora and Scutellospora were identified from those tested soil samples. It was less compared with the 104 AMF species of 9 genera found in various ecological plants since the1980s (Gai et al., 2006) . This is not uncommon, because China has large acreage of different soil types, different climate conditions, and varied plants. The AMF community composition varied greatly across different soil types. For instance, it was reported that cultivated land had more AMF spores than old field; spores of Glomus were found most frequently, followed by Acaulospora in cultivated land soil samples (Li et al., 2007) . Secondly, similar to the cultivated land soil, our study of different cropping years of greenhouse ecosystems in the Cangshan county revealed more species of Glomus than Acaulospora, and SD was found to be the lowest in PCC15 soil samples and the highest in control. Along with the increase of continuous cropping time, the SD, the dominant species were reduced. The PCC15 soil samples, SD was only 5.89 per 100 g dry soil (Table 4) , and no dominant species was found; a dominant specie was found for the PCC5 soil samples, but its dominant species were different from the wheat field (Table 3) . These indicated that agricultural practices and cropping time play a role in regulating mycorrhizal communities, as the temperature, humidity and fertilizer in greenhouse were different from those in control.
There were several other reasons which may contribute to the relatively lower species numbers, including: 1) different host plant may affect AMF community structure (Wu et al., 2009) , 2) and more fertilizer was applied in greenhouse than in control. It is known that organic matter can enhance the diversity of AMF assemblages (Verbruggen et al., 2010; Muthukumar and Udaiyan, 2002) . In most cases, organic manure stimulates AMF, but readily soluble fertilizers have negative impacts on AMF diversity (Gosling et al., 2006) . Acidic soils favor Glomus and Acaulospora sporulation (Jiao et al. 2011 ). In the long-term greenhouse protection cultivation, heavy application of chemical fertilizer and organic fertilizer to pursue high-yields resulted in an increase in soil available N, P and K content (Table 1 ). Our present results showed that AMF SD was lower in greenhouse soil than control; PCC15 soil samples had the highest fertilizer but lowest AMF SD, SR, Shannon-Wiener index and Simpson index (Table 4) . In our article, correlation analysis showed that SD was negatively correlated with the available P (r=-1.00**), K (r=-0.99**), N (r=-0.98**) and organic matter (r=-0.98**); SR was negatively correlated with P (r=-0.82), K (r=-0.88*), N (r=-0.74) and organic matter (r=-0.90*). However, pH value positively correlated with SD (r=0.85) and SR (r=0.94*).
Considering both the production of crops and the protection of AMF diversity, Wang et al. (2011) proposed that balanced fertilization with half organic manure N plus half mineral N fertilizer maybe feasible in such an agricultural region. Further intensive researches on projects with less intensive fertilizations in different types of farming lands to protect the AMF community composition, as well as their associations with molecular markers identification and selection will enrich the causes of reduced and/or increased AMF populations in agricultural ecosystems.
